CRITICAL ITEMO LIBT PROJECT: SYSTENM: HANJCAL ARM SYSTEM
CRITICAL ITENO LIST 58 s RTONE - pETIRTO r—————— 51 L st
RES aty onavlug ol AN on Y T
. . . RATIONALE FOR ACCEPTAMCE
DESIGRAL ION CAUsE e 11EN CRITECALETY
4010 1 relcat MODE : JOINE WILL woOt OESICN FEAYRES TTTTTTTTTTTTomoeoee—ee
20107 it ResPowo 0 | LLCLUOLTTONN
Troy an m's‘lumn Erm')m TERIA
. ) RATERIALS SELECTION AND USAGE CONFORNS 10 SPAR-SG.368 WHICH IS
SHOULOER P/nt CANNOT € EQUIVALENT TO FWE MASA WATERTALS USAGE REOUIAEMENTS.
$114051219 AESTAAINED OY
ELO0W P/N CAUSE(S): BAAKES, JOINT ALL SRMS GEARS ARE DESIGMATED 1N ACCORDAMCE WITH AGMA
SY140e 7110 o) VILL O€ UWABLE STANDARDS 10 GIVE A MIRIMM OF INFINITE LIFE. THE DEFINIIION
wmist "a FRACTURED 10 COUMTERACY OF INFINITE LIFE IS TRE CONDITION UNERE 10°°7 MESK CYCLES OR
$10404 :;gn ::::::nnm MORE AT THE APPLIED LOAD WILL MOT RESULT TN TOOTM FAILURE.
FRACTLRED FRICEION MAY THE APPLIED LOADS DERIVED FOR TNIS (THESE) GEAR (S) VERE
NG, EVENTUALLY CATERED 10 % TNE SIZING OF THE GEAR MESH. THE MATERIAL
N SRING INE JOINT ALLOUABLES VEAE DERATED BY SPAR AS CONSISTEMT FOR FINE PITCH
IRACTURED 10 RESI, ARN GEARING APPLIED T POVER TRAMSMISSIONS. THE RESIATING MESH
SHAFY, i ’:ggnu DESIGH WAS CMECKED AGAINST THE INFINITE LIFE CRITERIA.
X
TRAJCTORY. THE SHOULDER AMD ELOOV JOTNTS ARE STIFFNESS DESIGNED. THE
CONSISTENCY URTST JOINY IS STRENGIN DESIGNED. THE STRUCIURAL ANALYSIS
CNECE WILL PERFORNED ON ALL TWAEE JOINTS IS CONSERVATIVE MITH ALL MARGINS
INETIATE AUTO OF SATENY BEING POSITIVE. REF. SIRUCIURAL ANALTSIS Of SmMs
RARES SPAR-TH. 1531 AND SPAN-R.646. ALL IVENS OF THE JOINT STRUCTURE
(TACH DATA) BUT WAVE BEEW INSPECTED FOR CRACKS, WMERE THE LIFE ANALYSIS AS
FATLED JOINT LALLED FOR A SPECIAL INSPECTION, TNIS NAS SEEN PERFORMED AND
wILL 0F VHERE NECESSARY ALL CRACK LIKE [MDICATIONS HAVE BEEN NEMOVED.
UMRESTRAINED.
TRE FRACIURE AMALYSIS WMECH ASSUMES AW INTTIAL CRACK LENGTN
VORST CASE OF .05 IMCHES 10 .15 |NCMES, .75 OF INE JOINI COMPONENTS SHOu
---------- THAT ALL ITENS ANE CAPABLE OF PERFORMING OVER 4DO MISSIONS
UNEXPECTED VITHOUT COMPLETE FATLURE. FRACTURE ANALYSES ARE COMTAINED
NOTION. FREE 1% SPAR- T, 1551 AMD SPAR R.846.
018,
REDUMDANT PATHS
RERAINING
"/A
!
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CRITICAL ITEMS LISBT PROJECT: SAMS SYSTEM: mcmu!cu* ARM SUBSYSTEM

AP T ASS'Y muﬂm: “l‘W Ass'y psH: SHEET: z
—YATCOWE WODE | FATCOWE ETFECT — T WOUR 7 FURT.
REF. aEy, praulwe afr. AND on 1" RATIONALE TOR ACCEPTANCE
DESIGRAT 10N CAUSE END LTEN CRITICALTTY
4010 1 TYPICAL MODE ; JOINT WILL MOt ACCEPTANCE TESIS
JO1NY Jomet - RESPOMD 10 |  c-ieeeereneaene
(RECKRANICALY | |  MOVEMENT COMANDS THE SHOULDER. ELBOM AND URIST JOINTS ARE SUBJECTED TO THE
o17-3 UNRESTRAINED (FREE). FOLLOVING ACLEPTANCE ENVIRONMENTAL TESTING.
SHOULOER P74 CANNOT BE
S1140I1219 RESTRAINED BY O VISRATION: LEVEL AND DURATION - REFEREMCE TABLES 9, 10 AND
ELIOV P70 CAUSE(S): BRAKES. JOIN! T
S1140eT11 ()] WILL BE UNABLE
WRIST PN FRACTURED 10 COUNTERACT O THERMAL:  +70 DEGAEES C TD -25 DEGAEES € {2 CYCLES)
$1140) CEAR, EXTERNAL 1 X 10°46 ToRN,
(2) FORCES. JOINT
FRACTURED FRICTION MAY THE JOINTS ARE INTEGRATED INTO INE WNS SYSTEW (PER mszg
NOUSING. EVENTUALLY WHICH IS FURTHER TESTED IN (1P518 RMS STRONGBACK AND 1PSS2
5 BRING THE JOIN? FLAT FLOOR). THESE TESTS VERIFIES YHE ABSENCE OF THE FALLURE
FRACTURED 10 AEST, ANN MODE .
SHAPT, WILL TAKE AN
UNEXPECTED QUALIFICATION TESTS
TeaJectony, | -----es YRR
CONS | STERCY THE SWOULOER AND UREST JOINTS WENE SUBJECTED YO THE LISTED
CHECK MILL BELOV ENVIRONMENTS, THE ELBOV JOINTS VAS NOT ENPOSED IHE
INITEATE AUTO QUALIFICATION ENVIRONMENTS WAS CERTIFIED BY SIMILARLTY 10 THE
SRAKES SHOULDER JOINT. .
(TACH DATA) BUT
;ﬂt:g!mm O VIERATION: LEVEL AND DURATION NEFERENCE TANLES 9 AND 10
UNRESTRAINED. 0 SHOCK: 206711 MS - 3 AXES ( 6 DIRECTIONS)
MORST CASE O THERMAL VACIAM: +B1 DEGREES C 10 -34 DEGAEES C (6 CYCLES)
---------- t X 10°*4 TORR.
UMENPECTED
HOTION. FREE © ENC: MIL-ST0-481 AS WODIFIED BY SL-E-0002 (TESTS CEOL,
JORNE. CEO3, CSO1, CSO2, CSD6, RED2 (N/B).
REDUMDANT PATHS O WMIDITY: ONLY SNOULDER JOINT WAS TESTED, 95X RM
REMAIMING {65 DEGREES C MAIMTAINED FOR 6 WRS.) (65 DEGREES
T € 70 30 DEGREES C IN 14 KRS) 10 TYCLES 240 HRS.
0 LOAD TEST: SHOULDER JOINT STRUCTURAL LOAD TEST REFERENCE
e 12.
MOTE:
ELBOU JOINT (S/% 302 AND UP) INCORPORATES NOM-WELDED
::;usmous WNECH WAS LDAD TESTED TO LOAD IN REFERENCE TABLE
FLIGHT CHECKOUT
PORS OPS CHECKLIST CALL VEHICLES} JSC 16987
1
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CRITICAL ITEMS LIBT ’NJEC%W SYSTEM: MECHANICAL ARM SUBSYSTEM
- -- ASS'Y : Ass'y p/fF: ST mﬂ'isas—— SHEET:
11,11 [ FATLURE WOCE— | FATUDNE EFFECY [ WO 7 FUNC.
REF. REv. orauinG afr. AND o " SATIONALE FOR ACCEPFANCE
DESICHATION CAUSE END ITEN CRIFICALITY
4010 1 TIPICAL MODE ; JOINT WILL NOT QAZIMSPECT IONS
J0UNT JoINt RESPOND 7O | ool
(MECHANICAL ) MOVEMENT COMMANDS )
ety-3 UNRESTRAINED (FREE). JOINTS ARE WANUFACTURED, ASSEMBLED AND TESTED UMDER DOCUMENTED
SHGULDER P/N CANNO? BE QUALITY CONTROLS 1O SPAR AND CUSTOMER REOUIREMENTS. PHESE
SH4041219 RESTRAINED 8Y CONTROLS ARE ENERCISED THROUGWOUT DESIGH PROCUREMENT,
ELOOW P/ CAUSE(S): SRAKES, JOINI PLANMING, PROCESSING, FASRICATION, ASSEMBLY AND TESYING OF
S1140E711 ) VILL BE UMAMLE JOINTS.
wmIST P/ FRACTURED 10 COUNTERACT
511409 GEAR. ENTERNAL SPAR/COVERNMENT REPRESENTATIVE WAMDATORY [MSPECTION POINTS ARE
(2) FORCES. JOINT ENVOKED AT ALL LEVELS OF ASSEMELY AND TEST.
FRACTURED FRICTION MAY
NOUSING. EVENTUALLY RECEIVING INSPECTION VERIFIES THAT PARTS, 1.E. JOINT HOUSINGS
) SRING THE JOINT AND BEARTNGS RECEEVED ARE AS IDEMIIFIED |# THE PROCUREMENT
FRACTURED 10 REST, ARM DOCUMENTS THAT NO PHYSICAL DAMAGE WAS OCCURRED IM SHIPMENT
SNAFT, VILL TAXE AM AWD THAT THE RECETVING DOCUMENTS PROVIOE ADEQUATE YRACEABILITY
UMEXPECTED INFORMATION
TRAJECTORY. )
CONS ISTENCY PARTS ARE INSPECTED THROUGHOUT NMANUFACTURE AND ASSEMBLY AS
CHECK VILL APPROPRIATE 10 THE WANUFACTURING STAGE COMPLETED. VHESE

3

INITIATE AUTOD
BRAKES

{TACK DATA) BUT
FAILED JOINT

WILL BE
UNRESTRAINED .
UORST CASE

UNEXPECTED

-MOTION. FREE

JOINT,

REDUNDANT PATHS
REMAINING

tNSPECTIONS INCLUDE,

CARPENTER 455 STEEL USED FOR THE MANUFACTURE OF (E.G.
GEARS) RECEIVES ADDITIONAL LABSORATORY INSPECTIONS WMICH
INCLUDE CHEMICAL AMALYSIS, INCLUSION RATING, HARDMESS AND
TENSILE TESTING TO VERIFY THE PROPERTIES OF THE MATERIAL
SUPPLIED.

GEAR IMSPECTION, BEFORE GEAR LUBRICATION AND RUM-IN A
COMPOSITE ERROR GEAR CHECKER IS USED TO VERIFY THAT INVOLUTE
FORM_ PITCH CIACLE CONCEMIRICHIY AND PITCH DIAMETER ARE 10
oravinG REQUIREWENSS. THIS INSPECTION ALSO INCLUDES TENTURE
EVALUATION. AFTER LUBRICATION, GEARS ARE VISUALLY ENSPECTED 10
COMFIRM APPROPRIATE LUBRICANT APPLITATION AMD GEARS ARE THEN
RUN-EN, CLEANED ANO VISUALLY INSPECYED.

POST MACHINING IMSPECTION OF THE HOUSING VERIFIES DIMENSIONAL
PANUFACTIME TO DRAVING USING CONVENTIONAL MEASURING TECHNIOUES
AND A COMPUTERIZED COORDINATE CMECKER.

FOLLOWING HEAT TREATMENT, STEEL PARTS (E.G. GEARS) ARE
SUBJECTED TO A MAGNETIC PARTICLE INSPECTION FOR CRACKS OR 1IN
THE CASE OF ALUMINUM PARTS (€.G. HOUSTNGS) ARE DYE PENETYRANI
INSPECTED USING GROUP V PENETRANTS. WELDING OF GEARS OR
HOUSEINGS IS SUBJECTED 10 DYE PENETRANT (GROUP V) AND
RADIOGRAPNIC INSPECTION DM COMPLETION OF STRESS RELIEF 10
CHECK FOR CRACKS. OQUALIFICATION WELDING TEST SAMPLES FOM
STRUCTURAL MELDS ARE SUBJECTED 10 DESTAUCTIVE TESTING WHERE
POSSIBLE (VENSILE AND BENDING) AS VELL AS METALLAGRAPHIC
ANALYSIS TO ENSURE DEFECT FREE WELDS.

SHATTS ARE DINENSIONAL INSPECTED TO DRAWING REQUIREMENTS
THROUGHOUT THE MANUFACTURING STAGES. FOLLOWENMG HEAT TREATMENT
l:’! SHAFTS ARE SUBJECTED TO MAGNETIC PARTICLE INSPECTION FOR
CRACKS .

IISPECTINJEII"ES THAT KI1TTED PARTS ARE CORAECT PRIOR 10
ASSEMBLY ANO TAACEABELITY INFORMATION RECORDED,
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CRITICAL ITBH!_EIBT

YRR
Ref.

paaving ale, AND
DESIGHATIOM CAUSE

t TYPICAL
JOINT
{MECNANICAL )
ory-3

Loio MODE :
JOINY

NOVENENT
UMRESTRAINED
SHOULDER P/N
s1on219
ELOOM P/ CAUSE(S):
ST140E 711 )

ISt #/8 FRACTURED
St GEAR.
fRACTURED
nousl

)
FRACTURED
SHAFT.

JOINT.

RESTRAINED BY
BRAKES. JOINS
WILL BE UMADLE
10 COUNTERACT
ENTERMAL
(2) FORCES. JOINT
FRICTION MAY
. EVENTUALLY
) SRING THE JOINY
YO RESI. ARN
WILL TANE AN
UNEXPECTED
TRAJECTORY,
CONSISTENCY

CHECK VILL
INITIATE AUTO
BRAKES

CTACH DATA) BUT
FAILED JOINT

WILL BE
UNRESTRAINED.
WORST CASE

UNENPECTED
nOTIOoN. FREE

REDUNDANT PATHS
REMAINING

SYSTEM: MECHANECAL ARM SUBSYSTENW
ASS'Y P/N: SHEET:

PROJECT: SAN
A L LlLe .. . I——
[ FATIONE MIDE | FATLUNE EFTELT | WOWN 7 FMT.

oN
END ITEN

"
CRITICALITY
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RATIONALE FOR ACCEPTAMCE

JOD LEVEL PRE-ACCEPTANCE TEST IMSPECTION INCLUDES AN
MDIT OF LOVER TIER INSPECTION COMPLETION. AS SUTLT
CONFIGURATION VERTIFICATION TO AS DESIGN E1C.

(SPAR/GOVERWMENT REP. - MANDATORY INSPECTION POINT)

A TEST READINESS REVIEW (IRR) WHICH [NCLUDES VEREFICATION OF
VEST PERSONMEL  TEST DOCUMENTS, TEST EQUIPNENT CALIBRATION/
VALIDATION STAluS AND HARDUARE CONFIGURATION IS CONVENED 8Y
QUALITY ASSURANCE IN CONJUNCTION WITH ENGINEERING
RELUASILATY, COMFIGURATIOM CONTROL, SUPPLIER AS l’PllClllE,
AND THE GOVENMEN] REPRESENTATIVE. PRIOR 10 THE START OF ANY
FORMAL TESTING (ACCEPTANCE OR QUALIFICATION).

JOD LEVEL AMBIENT ACCEPTANCE TESTING (ATP) CONSIST OF
CURRENT SIGMATURE AND LINIT STOP LOAD TESY, JOINT RATE, JOINT
ANGULAR TRAVEL AND FORUARD DRIVE THRESHOLD OF MOVEMEMI TESTS.
(SPAR/GOVERNMENT REP. - MANOATORY INSPECTION POINT)

JOIMNT I.EUEI. PRE-ACCEPTANCE TEST ENSPECTION, INCLUDES AN
AUDIT OF LOVER TEER [NSPECTION COMPLETION, AS BUILT
CONFICURATION VERIFICATION 10 AS oEsich efc.

JOINT LEVEL ACCEPTANCE TESTING CATP) INCLUDES AMBIMET,
VIBRATION AND THERMAL-VAC TESTING.
(SPAR/GOVERNMENT REP. - MANDATORY INSPECTION POINT).

SANS SYSTENS INTEGRATION, THE INTEGRATION OF MECNAMICAL ARM
SUBASSEMBLIES AWD THE FLIGHT CABIN EQUIPMENT TO FORM THE SRNS.
IMSPECTIONS ARE PERFORMED AT EACH PHASE OF IMTEGRATION WHICH
INCLUDES GROUMODING CHECKS, THRU WIRING CHECKS, WIRING ROUVING,
INTERFACE CONNECTORS FOR GENT OR PUSH BACK CORIACTS ET1C.

SANS SYSTENS TESTING - STRONGBACK AMO FLAT FLOOR AMBIENT
g::gﬂlt! VEST. (SPAR/GOVERNMENT REP. - MANDATORY INSPECTION
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CRITICAL ITENS LIBT

[

nEY, orauluc ale, AND
DESIGNAT 0N CAUSE
4010 1 TPICAL MODE ;
01T JOINT
(MECHANICAL ) NOVENENT
Qrry-3 UNRESTRAINED
SHOULDER P/
511401219
ELOOM P/ CAUSE(S):
S1140e711 i
WIST P70 FRACTURED
$1940475% GEAR.
)
FAACTURED
WOUS ING.
L]
FRACTURED
SNAFT,

PIOJ!CT : EIHS

£w0 Ilﬂl

RESPOND TO

RESTRAINED BY
ARAKES. JOINT
VILL BE UNABLE
7O COUMTERACT
EXTERNAL
FORCES. JOINTY
FRAICTION MAY
EVENTUALLY
ORING THE JOINTY
10 REST. ARM
WILL TAKE AN
UNENPECTED
TRAJECTORY.
CONSISTENCY
CRECK wiLL
INITIATE AUTO
ORAKES

CYACH DATA) NUT
FAILED JOINT
WiLL BE
UMRESTRAINED .

WORST CASE

UNEXPECTED
MOTION. FREE
JOINT.

REDUNOART PATHS
REMAINING

SYSTEN; FCHAHICR[ ARMN SIMSTSTEM
ASS'y PN SHEET: b

RATIONALE FOR ACCEPTANCE [

lll
CRITICALITY
FAILURE #ISToRY

THERE HAVE SEEN NO FAILURES ASSOCIATED WITH THIS FAILURE
MODE ON THE SRNS PROGAAM.
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CRITICAL ITEMB I.I!l‘l' PROJECT: i E ” SYSTEN: uecuun!cu* ARM_SUBSYSTEM
- - o - ASS'Y ASS'Y P/
[~ TR —TFATUOWE WODE 7 FATUOWE EFFECT |
REF, eV, onaving ale. AND m RATIONALE FOR ACCEPTAMCE
OESIGMAT 10N CAUSE e mn CRITICALITY
4010 t TYPECAL MODE ; J0INT WILL NOT OPERATIONAL EFFECTS
s Jomt RESPOND 10 ]  serreereiemenaaeans
{MECHANICAL) NOVEMENT COMMAND'S
-QIy-3 UNRESTRAINED (FREE). ONE JOINT FAILS FAEE. TWE FASLED JOIMT 1S ONLY RESTAAINED BY
SNOULDER P/ CANNOT BE GEARBOX FRICEION. ARM MAY BACKDRIVE FF SRANES ARE OFF AND ANY
$114041219 RESTRAINED BY OF THE OTHER JOINTS ANE DRIVEN. ARM DOES wOT RESPOND TO
OOV P/0 CAUSE(S): BRAKES, JOINT COMMANDS. FOR HAMD CONTROLLER COMMANDS CREW INHERENTLY
ST1406711 (1) VILL SE UMABLE COMPENSATES FOR ANY UWDESIRED ARM TRAJECTORY.  NO DRIVE MODES
WISt PN FRACTURED 10 COUNTERACE AVAILABLE FOR FAILED JOTKI.
511404 GEAR, EXTERMAL
(2) FORCES. JOINT
FRACTURED FRECTION WAY
HOUSING. EVENTUALLY CREW ACTION
11 SRING VHE JOINY | ----ceeeis
FRACTUMED 10 REST. ARN USE STNGLE MODE 10 POSITION OTHER JOINTS FOR STOV OR JETVISOM.
SHAFT, WILL TARE AN
UMERPECTED
TRAJECTORY, CAEM TRAINING
CONSISIENCY  § = wer-eevoe--e-
CHECK VEILL THE CREV VILL BE TRAINED 1O ALWAYS OBSERVE
INETIATE AUTO VHETHER THE ARN 1S RESPONDING PROPEALY TO COMMANDS. I1F IT
BAAKES ISN'T APPLY BRAKES.
(TACH DATA) BUT
FAILED JOINT NISSION CONSTRAINT
“lll .E e ts am s BaaRASE NLEES
UMRESTRAINED.
CREV SHOULD BE TAAINED TO OPERATE UMDER VERNIER RAIES WITHIN
UORST CASE 10 FT OF STRUCTURE. AUTO TRAJECTORIES MUST BE DESIGNED 10 CONE
---------- NO CLOSER THAN S F1 FROM SIRUCTURE. THE OPERATOR MUST BE ABLE
UNENPECTED 10 DETECT THAT THE ARW IS RESPONDING PROPERLY 10 COMMANDS VIA
nOTION, FAEE VINDOU AND/OR CCTV VIEUS DURING ALL ARN OPERATIONS.
Joint. ARM SHOULD NOT BE MANEUVERED TO POSITION WHERE JETTISON CANNOT
OE SATEIY PERFORMED.
AEDUWDANT PATHS
AEMAINING
N/A SCREEN FAILURES
WA
OMASD OFFLINE
1N DIRECT ORIVE MITH ELBOM DEMATED
VERIFY RATES FOR ALL JOIMTS
OMRSD ONLINE INSTALLATION
NOME
OMRSD OMLINE TURNAROUMD
IN SINGLE MODE FUNCTION ALL JOINTS
VERIFY TACHOMETER SIGNAIURE
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CRITICAL ITEMBS LISBT

orauing afr.
DESIGNATION

PROJECT: Ellls
ASS'Y B

AND
CAUSE_

o
€ND HEN

TYPICAL
oIy
(MECHANICALY
ory-3

SHOULDER #/n
S14001219
ELOOW P/
511406711
WISt /e
511404754

MODE :
JOINS

MOVEMENT
UNRESTRAINED
CAUSE(S):
")
FRACTURED
GEAR,

(2)
FRACIURED
NOUSING.

3
FRACTURED
SHAFT.

- LZEamGY

JOINT UILL wOY
RESPOMD 10
COMUANDS
C(FREE).

CANNOT OF
RESTRAINED. BY
BRAXES, JOINT
VILL BE UMABLE
10 COUNTERACT
EXTERNAL
FORCES. JOIMTY
FRICTION MAY
EVENTUALLY
SAING THE JOINY
10 REST, ARM
WILL TAKE AN
UMENPECTED
IRAJECIONY,
CONSISTENCY
CHECK Witl
INITIATE AUTO
ORAKES

(TACK DATA) But
FAILED JOINT

WILL BE
UNRESTRAINED.
VORST CASE
UNEXPECTED
MOTION. FREE
JOinY.

REDUNDANT PATHS
REMAINING

SYSTEM: KCIIIHIC&* ARM SUBSYSTEM
ASS'Y P/N: SHEET: 7

m o
CRITICALTEY
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